Abstract. Navigation messages are the basic data for navigation and positioning calculations in satellite navigation systems. Nowadays, there is a growing need to evaluate the protocol conformance of navigation messages. In this paper, the evaluation model and the calculation method for protocol conformance of BDS D1 navigation messages are proposed, and the example analysis of actual BDS D1 navigation messages is presented. The evaluation model is described from three aspects, including formatting conformance, verification conformance and quantization unit conformance. Every aspect is considered carefully with calculation and analysis. The results show that the model can evaluate the protocol conformance of BDS D1 navigation messages reasonably.
Introduction
Navigation messages are broadcasted by navigation satellites, containing spatial references and time bases that can be used for navigation and positioning. They are the basic data for navigation and positioning calculations in satellite navigation systems.
Interface Control Document (ICD) is a set of agreed rules for senders and receivers to generate and interpret navigation messages, which is one of the protocols in a satellite navigation system. Only by implementing the same protocol can navigation messages be transmitted properly and effectively. Therefore, it is necessary to evaluate protocol conformance of navigation messages in the process of product development.
At present, research on navigation messages at home and abroad focuses on analyzing the quality of observation data [1] [2] [3] and error correcting design [4] . The research on the evaluation model for protocol conformance of navigation messages is still rare.
In this paper, the evaluation model and the calculation method for protocol conformance of BDS D1 navigation messages are proposed, and the example analysis of actual BDS D1 navigation messages is presented.
Evaluation model for protocol conformance of BDS D1 navigation messages

Frame structure of BDS D1 navigation messages
The frame structure of BDS D1 navigation messages is shown in Fig. 1 [5] . Each frame is composed of 5 subframes. Each subframe is composed of 10 words. Each word has 30 bits. Each word consists of navigation message data and parity bits. In the first word of every subframe, the first 15 bits are not encoded and the following 11 bits are encoded in BCH (15,11,1) for error correction. Each of the other 9 words contains two blocks of BCH codes with22 information bits in it.
Evaluation model for protocol conformance of BDS D1 navigation messages
Protocol conformance reflects the level of satisfaction of generated navigation messages with ICD.
By studying the requirements in ICD, the evaluation model for protocol conformance of navigation messages is described from three aspects, including formatting Formatting conformance is defined as formats of navigation messages comply with the ICD, requiring that messages are complete without any duplication or loss. There are three indicators to describe formatting conformance of navigation messages, including the subframe integrity rate, the frame integrity rate, and the superframe integrity rate.
Verification conformance is defined as check results of error correction decoded navigation messages are correct. The indicator to describe verification conformance of navigation messages is the check correct rate.
Quantization unit conformance is defined as calculated values of parameters solved from navigation messages are close to their true values determined when messages are generated. The indicator to describe quantization unit conformance of navigation messages is the parameter precision rate.
Calculation method for protocol conformance of BDS D1 navigation messages
3.1
Calculation method for formatting conformance of BDS D1 navigation messages Formatting conformance of BDS D1 navigation messages is described by three indicators, including the subframe integrity rate, the frame integrity rate, and the superframe integrity rate. Since the calculation method of each indicator is the same, this subsection uses the calculation of the subframe integrity rate as an example.
Each subframe of BDS D1 navigation messages consists of 10 words. Each word has 30 bits. The subframe integrity rate of the ith word IRsbfi is calculated as 
Where α i is the weight of the ith word and v i is the number of valid bits of the ith word. Moreover, α i reflects the importance of the ith word and should be considered carefully.
Calculation method for verification conformance of BDS D1 navigation messages
Verification conformance of BDS D1 navigation messages is described by the check correct rate.
It is necessary to detect whether navigation messages are reversed before verification [6] because of phase ambiguity. It is assumed that this step has already been done at the time of frame synchronization earlier. Then verification of BDS D1 navigation messages can be performed as follows.
Step 1: Take the first 22 information bits from each word of navigation messages. Divide it into two groups of 11 bits each. Then take the other 8 parity bits.
Step 2: According to the BCH (15,11,1) encoding process, calculate the 4 parity bits of each group with 11 information bits respectively. Connect the 2 sets of parity bits into 8 bits. It is worth noting that the one calculated by the first 11 information bits are placed in front, and the others are placed behind.
Step 3: Compare the 8 parity bits calculated in step 2 with the parity bits taken in Step 1. If they are the same, the first 22 information bits from the word of navigation messages are correct.
For the first word of each subframe, the first 15 bits are not encoded, while the following 11 bits are encoded. Therefore, if a word of the navigation message is verified to be the first word of the subframe, then it is feasible to take the 11 bits with number from 16 to 26 and the corresponding 4 parity bits with number from 27 to 30 in Step 1. Then in Step 2, only one encoding calculation is needed to get the 4 parity bits. Compare the two sets of parity bits in Step 3.
There are 1200 words in a superframe. The check correct rate of a superframe CCR is calculated as
where β j is the weight of the jth word, which reflects the importance of the word and should be considered carefully. If the check is correct, v j equals to 1. Otherwise, it equals to 0.
Calculation method for quantization unit conformance of BDS D1 navigation messages
Quantization unit conformance of BDS D1 navigation messages is described by the parameter precision rate.
The parameter precision rate PPR is calculated as
where v c is the calculated value of the parameter solved from the navigation message, and v t is the true value of the parameter determined when the navigation message is generated earlier. Both v c and v t are floating point numbers.
The calculated value of the parameter solved from the navigation message v c can be calculated as
where n b is the number of bits and f is the scale factor. There are some parameters of navigation messages to be considered, including ephemeris parameters, almanac parameters, ionospheric delay correction model parameters, clock correction parameters, BDT-UTC time offset parameters, and BDT-GNSS time offset parameters. Although the number of parameters is large, the calculation method is the same.
Example analysis for protocol conformance of BDS D1 navigation messages
Example analysis for formatting conformance of BDS D1 navigation messages
Taking a group of actual BDS D1 navigation messages as example to evaluate the formatting conformance. The data was selected from the International Satellite Navigation System Monitoring and Evaluation Service (iGMAS) in BJF1 station on September 28, 2017 from 0:00.
Since the weights need to be considered carefully, this subsection uses the same weights to calculate. To simplify the expression, this subsection takes the calculation of a superframe and its first subframe and first frame as an example, as is shown in Table 1 . 
IR
In Table 1 , PRN is the number of the satellite, IR sbf1 is the subframe integrity rate of the first subframe, IR f1 is the frame integrity rate of the first frame and IR spf is the superframe integrity rate of the superframe.
For Satellites 7 to 9, they have good formatting conformance. For Satellites 6, a bit loss may occur to other frames, which affects the superframe integrity. For Satellites 10, a bit loss may occur to other subframes of the first frame, which affects the frame integrity and the superframe integrity.
It does not make sense to look at the percentage simply. It is necessary to know where the bit loss occurs so that the correction will reach 100% of the integrity rate eventually, instead of simply calculating. It is unreasonable that the integrity rate reach 99.9% while the key bit is wrong.
Example analysis for verification conformance of BDS D1 navigation messages
The data is the same as the previous subsection.
The verification conformance is described by the check correct rate. This subsection uses the same weights to calculate. Table 2 shows the check correct rate of superframes of the actual BDS D1 navigation messages. In Table 2 , CCR is the check correct rate of a superframe with 1200 words. All satellites except Satellites 9 have good verification conformance. For Satellites 9, it indicates that 1 bit error may occur to a word during transmission or baseband processing and the error may be an information bit error or a parity bit error. Where the bit error occurs should be figured out and the error should be corrected.
Example analysis for quantization unit conformance of BDS D1 navigation messages
The data is the same as the previous subsection. Take the ephemeris parameters of Satellite 6 as an example. The result is as shown in Table 3 . Table 3 , v c is the calculated value of the parameter solved from the navigation message, and v t is the true value of the parameter determined when the navigation message is generated earlier, and PPR is the parameter precision rate. As can be seen from Table 3 , all ephemeris parameters have good quantization unit conformance.
Conclusion
In this paper, the evaluation model for protocol conformance of BDS D1 navigation messages is described from three aspects, including formatting conformance, verification conformance and quantization unit conformance. Each aspect is considered carefully with calculation and analysis. The results show that the model can evaluate the protocol conformance of BDS D1 navigation messages reasonably.
